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°°  if17  rdniraun  temperatures  can  be  useful  for  urt 
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A  Method  for  Assessing  and  Mapping  th« 

January  Dally  Minimum  Temperatures  of  Northern  North  Africa 


1.  Introduction 

Nearly  everyone  aasoclated  with  Quartermaster  Corpa  activities  is 
Interested  one  way  or  another  in  diily  extremes  of  temperature.  For  ex- 
ample,  suppose  one  wants  to  know  how  many  days  in  January  the  temperature 
at  Fort  Churchill,  Canada,  night  be  expected  to  fall  to  or  lower. 

Factors  which  must  be  taken  Into  account  in  assessing  the  frequency  of  low 

™  rV°r  th!  0081  ^rt*  *r9  not  Independent  but 

are  intricately  interrelated.  .Among  these  factore  are:  (1)  development  and 

movement  of air (2)  differences  in  lstituda  as  related  to  length  of 
day  and  night,  (3)  seasonal  variation  in  ths  angle  of  the  sun's  rare  (4) 
continental  and  marine  effects,  (5)  radiation  balance  of  the  local  terrain 
(6;  tendency  toward  the  repetition  of  extras,  (7)  tendency  toward  isola- 
ticni  of  extremes,  (3)  tendency  toward  skewness,  (9)  length  of  available  re¬ 
cords,  and  (10;  many  other  more  or  lass  intangible  factor.!.  Even  though  the 
t  separators  record  Is  a  compound  of  many  variables,  can  a  graphic  scale  bo 
evifled  on  which  the  January  daily  minimum  temperature  probabi’itles  will 

*  8*r!lsht  lina?  U  80 »  tw  critical  temp¬ 

eratures  in  the  record  would  serve  to  determine  the  straight  line. 

2*  £g;;j^ctlen  of  a  Prob.-.blllty  Scale  Showing  Daily  Minimum 

Ty-naratures  cn  a  Straight  Lira.  - 

If  the  actual  temperatures  at  Churchill,  Canada  (Table  I)  are  plotted 

(0°F  8C*\a  (Flg>  1}*  th*7  wlU  fft11  *  broken  line 

1  ♦  Ju  11  1  ha*'B  Y*lues normally  distributed,  all  would  fall 
or.  a  straight  xine,  and  any  two  (e.g.,  near.  daily  minimum  and  lowest  mini- 
aum)  would  determine  this  straight  line. 

*•  Constricting  s  Straight  Line  Scale  for  a  Single  Station 

However,  a  scale  can  be  so  constructed  that  all  of  these  January 
temperatures  for  Churchill  will  fall  on  a  straight  line.  This  is  dona  by 
plotting  the  near,  daily  minimum  (-24 .5°F)  on  the  50  percentile,  the  leva* 
ninimum  (-49  F)  in  the  310  days  on  the  0.32  percentile  (normal  scale),  and 
drawing  a  straight  line  through  the  two  points.  The  latter  value  (0.32) 
represents  the  lowest  minimum  for  one  day  -  the  percentage  that  one  day  is 

?int5*s’J2?ie-nuab"f  of  ****  f-*10  "lnia«)  in  the  re- ord  (reciprocal  of  - 
Jio  -  1/310  -  0.32).  The  temperature  values  previously  plotted  on  the  nor- 
P “  *$l*  **n  ?w15\“wd  horizontally  to  the  straight  line  (see  arrows, 
ig.  1).  It  should  be  noted  that  the  broken  line  and  the  straight  line  hare 
* two  ore  nates  in  common,  namely,  the  ones  for  the  mean-daily  minimum 
and  the  lovest_aini£ja.  All  the  other  temperatures  with  "their  percentage 

COV1  th!vr  brok9n  lln*  P°Biti°>«  to  their  corre.pond- 
g  a-raight  line  positions,  ihua,  the  broken  line  pattern  of  January 
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daily  « ini sum  temperature  frequencies,  as  shown  on  the  normal  probability 
scale,  has  been  transformed  into  a  straight  line  pattern  on  the  adjusted 

scale. 

This  report  next  provides  the  answer  to  the  question:  Can  the 
above  technique  be  used  in  constructing  an  adjusted  straight  line  probabil¬ 
ity  scale  for  an  area  as  well  as  for  a  single  station? 

b.  Construction  of  a  EM.I7  Temperature  Probability 

Scalp  for  Korthr*m  Korch  Argrlca 

The  locations  of  seven  Canadian  end  three  Alaskan  weather  sta¬ 
tions  are  shown  by  rectangles  (o)  00  Figure  2  and  for  each  of  these  a  re- 
cerd  of  January  dally  mininrua  temperatures  was  available.  These  ten  "com¬ 
ponent  •  stations  represent  a  lard  area  frea  Churchill  (58°  N.)  to  Pond 
Inlet  (72°N.),  end ‘from  the  Atlantic  Ocraa  on  the  ea?t  to  the  Bering  Sea  on 
the  vast.  The  seen  daily  rlnir—-*.  ah-olrto  (l^rat)  riniern.  and  length  of 
record  (number  of  daya Y for  each  of  thasa  tea  stations  are  shown  in  Table  l, 

The  frequency  distribution  of  daily  minima  at  1 -degree  (?)  inter¬ 
vals  was  available  for  10  years  cr  aors  at  these  ten  stations.  These  daily 
minima  van  rearranged  into  niuiber  and  percentage  frecuencict  per  month 
(30,  25,  20,  15.5,  10,  5,  1,  1/3,  1/5,  and  1/10  days  "(i.e.,  once  in  ten 
year*))  cj  shown  in  Table  I*»,  and  then  the  temperatures  in  each  of  the  fre¬ 
quency  columns  were  averared  as  indicated  in  the  last  lino  in  the  table. 

On  a  nortral  probability  scale  (see  Figure  3),  a  straight  line  was 
drawn  from  the  averago  of  the  mean  daily  minima  (-23°F.  the  average  of  Col¬ 
umn  2,  Table  1)  to  the  average  of  the  absolute  (lowest)  minima  (-57.3°P)» 
average  of  Column  3»  Table  I)*"*.  and  this  line  was  prolonged  to  the  right 
margin  of  the  scale  (Figure  Text,  each  of  the  10  frequency  tenper- 

ftturos  (25  days,  20  daj9,  etc..  Table  I),  was  plotted  at  the  appropriate 
point  on  the  nonsal  scale.  When  moved  horircr.1, ally  to  the  straight  line, 
theea  points  determine  the  positions  of  the  vertical  probability  lines 
(ordinates).  When  the  construction  lines  ard  data  are  rcsoved  from 


*An  adjusted  scale  using  the  mean  wort hi v  te^rerAvnrs  would  be  nearly  as 
good  as  one  base  >n  the  mem  daily  r  inlr-.'n  (see  Appendix). 

**If  It  were  desired,  the  table  could  show  any  other  daily  time  interval 
then  the  ones  given. 

***Avsra,rs  length  of  record  (average  of  Ccluna  4)  is  370  days.  Seciprocal 
370  "  0.CO27  or  0.27%-  This  is  the  location  of  -57.3°?  at  the  bottom  of 
the  normal  probability  seals. 

♦♦♦•This  line  is  prolonged  to  the  ri^bt  margin  because  the  htrh  ?Anir.a 
usually  ere  not  listed  in  abridged  tables.  Of  course,  this  reduces  the 
reliability  of  the  upper  Half  of  the  adjusted  seals.  Also,  more  than  16)( 
(96.8  -  £>3.6%)  of  the  frequencies  occur  between  the  3Q-d»y*  and  25-days 
interval. 
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Figure  3,  we  have  the  January  adjusted  dally  »lnt«a>  probability  teal* 

(Fig.  U). 

3.  Validation  of  the  Seal* 

It  was  assumed  that  the  adjusted  acala  (Fig.  4)  ought  to  reflect  wall 
the  actual  frequencies  of  tha  ten  c  opponent  station;  (data  in  Tablo  Iwaa 
locations  in  Fig.  2  aso).  bow  null  it  did  serve  1*  ijwwn  7" 

example:  at  Aklavik,  as  .town  in  Tabl.  I,  tha  actual  daily  , «ini*a  fi«  day. 
por  month  (January,  3U-dV  record)  were  -45°F  or  lower.  Thia  *f« 
than  tha  adjusted  scale  indicated  (-43°?).  Tha  ether  deferences  at  *klaTi* 
wore  less  than  2P°.  Table  II  record*  tha  differences  for  each  of  tha  othar 
coe pone nt  stations.  It  should  be  noted  that  tha  reliability  ia  good  for  tbo 
lower  temperatures  of  tha  scale  with  tha  exception  of  9arro«.  Thla  •™iy 
is  due  to  the  extrer*  isolation  (10  ? )  of  tha  two  lowest  minima  tnm  tha 
nearest  associated  minima*.  In  general,  the  departure  of  tha  actual  from  the 
probable  up.  to  25  days  per  month  if  not  large. 

To  test  further  tha  validity  of  the  adjusted  scale,  ten  check  stations 
(essential  data  in  Table  III,  location  shown  in  Figure  2  as  large  circles), 
for  which  frequency  distributions  were  available,  were  utilised,  bow  weiX 
the  adjusted  scale  reflects  the  actual  frequencies -for  the  ten  check 
is  shown  in  Table  17.  Perhaps  surprisingly  (eince  the  scale  was  constructed 
from  averages  of  the  component  stations),  the  agreed  of  the  probable ,  mte- 
iiaa  with  the  actual  minima  for  the  check  station*  is  nearly  as  good  as  that 
for  tie  component  stations  (Table  II). 

The  data  in  Tables  II  and  17  were  combined  to  construct  Table  T* 

200  measurements  of  January  daily  minima  for  the  20  stations  at  ten  different 

percentile  levels,  less  than  5 %  of  the  scaled  values  differ  froa 

by  were  than  5F°.  The  scale  becomes  progressively  less  reliable  beyond  tna 

95-percentile  ordinate. 


It  should  be  noted  again  that  the  construction  of  the  adjusted  scale 
based  on  actual  temperature  frequencies  of  approximately  ten  consecutive  Jan¬ 
uary..  It  is  appareht,  however,  th3t  the  scale  should  provide  an  adjustnent 
for  abbreviated  records  of  longer  than  ten  years.  The  following  section 
shows  how  this  may  be  done. 

4.  Scale  Adjustments  for  Length  of  Record 

It  is  assumed  In  general  that  long  temperature  records  have  IggjLJgS**- 
lute  minima  than  short  records  do.  To  test  this  assumption,  the  re”™  **• 
January  extreme  minima  at  24  stations  in  the  United  States,  each  with  at 
least  a  70-year  record,  were  used.  These  stations  and  their  records  of 


♦The  two  lowest  minima  were  -56°F  and  -55°F,  respectively. 
The  third  lowest  was  -45^,  Rn  Isolation  of  10F^. 
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.Fut'rr^5;^LT™*k,,l“u — Z^xsrjsrz* 

Th#  AYH5r*g$3  q{  thf  ibsoloti  Af  ft.  51  ^ 

d«CA4a  laUrrtli  *r«  stem  in  tu  24  R,l°S!  for  #Ach  of  tbi 

th<»  absolute  ninisus  dropped  tic-*  iV’*  *  J*?*  7»il.  71.  the 

ss".f^--  iftsi  -K  sxrs3£" j-c  for 

miw  4.  n4  « A,0  uS‘"  V"  i*«  «• 

d*UT  Birds*  -  the  r.JSr  of  2*  £  S70  °^atioM  of 

spectlTtfly.  Theee  four  ejweial  «3naU»  will  IJm  5°'  T*  2°  *•*”'  r*“ 
«c*J«  the  «proxl«al.  position^  fSli  «rable  one  to  locate  03  the 

records  running  bsck  to  tesperatur. 

5-  the  Jerr.^  frAcm.w  c.e- 

tui  S”(TSu?IS^S,;.!^r»:j;- «.  -  «• »«. «« .f  ...^ 

Pled  dfiys  par  conth  at  th.  71  etatloaa’tn  *  dallj  c'.ri'ca  for  apacl- 

rived  (Table  VII).  For  extBole-  it  *  J*  nortk-rn  "orth  *»riea  were  de¬ 
left  nargin  of  Fig.  4  for  Aklartk  ^abli^riSTth6*1*  ls  »t  the 

data  are  plotted  (-26°?  cn  the  50°  cckm»»ii2  ^*2  •*Mnti*1  ltea»  of 
wid  a  straight  line  drtvn  tStJhtbs ^Tmi  Afc  5J*  22-^‘*r  ordinate, 

temperature.  watered  at thTfuww?Lfi?* ?*?  th*  ^ 
the  oblique  lire,  or  a  lovur  t«tntl  L^I  designated  ordinate,  and 

P^ttot.  close!/  th...  r.«rd.d  r™  tbi  5U/£$£,  ^^1.*  «. 

*  £?s3“2  ?f.uSm\nLt  -fr  °f  *r 

glv«n  taeperature,  or,  conversely  * h*  i.it**  fill  to  or  below  a 

expected  ta  .  Slm  .^of  d^.  ^  °r  W  "WM  b. 


r.a-117  Klnir* 


soiS.  LlZ  ^rthern  gor*h  Africa 


shovn^in  «»  71  Esther  station. 

For  example,  when  the  tee.;n~SuL  in  tS  sS^^fr^S  ff*bilitF  “*» 
tered  on  a  sap  *r.d  ifoths***  %r*  drawn  »*  ira  fL  P*r-~ORtfc  colwa  ars  en- 
ThU  *»  -«  ““ 


ES2* 10  “•  £-5- 


’able  71:  Lowest  January  Tssperaturee  (°F)  by  10-year 
Accretion*  up  to  1950 


STATIONS  . 

70  60  50  40  30  20  10 

(1831-)(1891-)(l901-)(l911-)(l921-)(1931-)(l941- 

195 0) 

Mean 

Daily 

Kin.* 

Differ- 

wicee** 

(r°) 

Abilene,  Tex. 

-9 

-9 

-9 

-9 

-9 

-9 

-9 

33.1 

0 

Albany,  H.T. 

-24 

-24 

-2** 

-21 

-21 

-21 

-21 

15.5 

3 

Aaarillo,  Tex. 

-u 

-n 

-11 

-11 

-7 

-7 

24.3 

4 

Bimlnghaa,  Ala. 

♦1 

♦1 

♦1 

♦1 

♦1 

♦1 

♦7 

37.3 

6 

Boise,  Idaho 

-28 

-17 

-17 

-17 

-17 

-  -17 

-17 

21.6 

11  • 

Boston,  Kass. 

-13 

-10 

-9 

-9 

-6 

-3 

-3 

20.4 

10 

Denser.  Colo. 

-21 

-a 

-21 

-21 

-20 

-15 

-14 

17.8 

7 

Detroit,  Mich. 

-16 

-16 

-16 

-16 

-9 

-9 

-6 

18. 1 

10 

Flagstaff,  Aris. 

-25 

-25 

-25 

-25 

-20 

-20 

♦20 

14.2 

5 

Fort  Sndth,  Ark. 

-11 

-11 

-11 

-11 

-9 

0 

♦1 

29.9 

12 

Havre,  Kont. 

-57 

-57 

-57 

-57 

-39 

-39 

-39 

2.7 

18 

Lander,  Wyo. 

-39 

-39 

-39 

-39 

-39 

-36 

-36 

5.4 

3 

Lincoln,  Nebr. 

-29 

-29 

-26 

-26 

-19 

-19 

-18 

14.2 

11 

Miami,  Fla. 

♦29 

♦29 

♦29 

♦31 

♦31 

♦31 

+41 

62.1 

12 

Hew  Orleans,  La. 

♦17 

♦17 

417 

♦17 

+19 

♦21 

♦21 

47.0 

4 

Peoria,  Ill. 

-27 

-21 

-21 

-21 

-20 

-20 

-12 

17.1 

15 

Pittsburgh,  Pa. 

-9 

-9 

-9 

•9 

-9 

-9 

-2 

23.3 

7 

Raleigh,  N.C. 

♦2 

♦2 

>6 

♦6 

♦6 

♦6 

32.3 

4 

Red  Bluff,  Cal. 

♦17 

♦17 

♦17 

♦17 

♦17 

+17 

♦20 

37.6 

3 

St.  Paul,  Klim. 

-36 

-33 

-33 

-31 

-31 

-31 

-26 

3.1 

10 

Salt  Lake  City, 

-22 

-22 

-22 

-22 

-22 

-22 

-22 

21.9 

0 

Utah 

Seattle,  Wash. 

-3 

♦3 

♦11 

♦11 

♦n 

♦11 

♦11 

35.4 

14 

Wichita,  Kans. 

-14 

-14 

-14 

-14 

-14 

-12 

-10 

22.4 

4 

Wllliston.  H.D. 

esa 

-42 

-42 

-38 

-33 

.  -37 

-3.5 

12 

Averaces 

» 

m 

RIRI 

-11 

-10 

-8.8 

23,1 

7.9 

Ho.  of  Days 

2170 

1*60 

1550 

1240 

930 

620 

310 

Reciprocals  of 
Ho.  of  Days 

.046 

-eQA. 

.065 

.091 

.11 

.16 

■ 

(Sasic  data  from  Cliiwtic  Sucoary  Billetln  W,  U.S.  Weather  Bureau  Gort.  Printing 
Office,  Washington,  D.C.) 


♦50-years  (1881-1930  Jemmy  Kean  Dally  Minimus  Temperatures) 

♦♦Difference  between  the  January  absolute  minimus  during  the  last  decade  listed 
(1941-1950)  and  during  the  entire  70-year  period 
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vicinity  of  Eureka,  Canada  (Pig.  2,  Mo.  45)  is  -30°P  or  lower.  Sine#  this 
is  a  25-day  nap,  the  daily  minimum  temperatures  or  lower,  as  indicated  by 
the  isotherms  in  different  parts  of  tho  area,  should  be  expocted. 


Two  othar  nape  are  shown  in  this  series,  and  each  should  be  read  in  the 
s&ae  way  that  Figure  5  was  read.  Figure  6  indicates  areal  distribution  of 
January  daily  minima  or  lower  that  nay  be  expected  ten  days  per  month;  and 
Figure  7,  1  day  in  3  January's  (1/3  per  month).  ~ 


If  one  wanted  to  construct  a  nap  of  northern  Worth  America  showing  the 
frequency  occurrence  of  a  January  daily  minimum  temperature  of  -20°F  or  lower, 
it  would  be  difficult  to  extract  the  needed  information  froa  Table  VII.  This' 
table  features  only  ten  percentage  isvels,  and  these  are  all  fractional  (96.8 
80.6*  etc.).  The  ecale  constructed  below  has  39  percentage  levels  (ordi¬ 
nates),  and  they  are  all  integral  except  the  four  extremes  (Figure  8). 


Constructing  the  Scale 


An  adjusted  probability  scale  featuring  poyewntara  of  days  for 
given  January  mininun  temperature  levels  can  be  derived  from  the  temperature 
frequencies  (tabulations  by  Pamela)  used  in  tho  foregoing  study.  Tho  fre¬ 
quency  tabulations  used  in  constructing  Table  I  also  were  used  as  the  basis 
for  Table  VIII.  From  the  averages  in  the  last  line  of  this  table.  Figure  8 
was  derived  —  an  adjusted  probability  scale  for  finding  daily  minimum  temper¬ 
atures  in  percentage  of  days.  This  scale  can  be  validated  by  use  of  the 
check  stations  listed  in  Table  III.  The  same  ad justment ’  for  length  of  record 
as  utilized  in  Figure  4  may  be  used  for  Figure  8. 


Now,  the  essential  data  for  the  71  stations  in  Table  VII  may  be  plotted 
on  this  percentage  probability  scale  (Fig.  8),  and  a  set  of  39  January  daily 
minimum  temperature  probabilities  derived  for  each  etation  (Table  IX).  Other 
percentage  probabilities  may  be  interpolated.  Percentage  frequencies  can  be 
easily  translated  into  days  per  month. 


b.  Constriction  and  Use  of  Maos 

From  the  tabulated  data  In  this  table  one  can  draw  a  map  of  north¬ 
ern  North  America  showing  the  percentage  of  January  days  on  which  the  daily 
minimum  temperature  falls  to  a  specified  level  or  lower.  For  example,  sup- 
nose  a  slee  ing  bag  is  designed  to  give  adequate  protection  down  to  -20°F. 
The  map  (Fig.  9)  indicates  Just  where  In  northern  North  America  these  crit¬ 
ical  minima  (-20°F  and  below)  may  be  expected  in  January  and  the  percentage 
of  January  days  when  the  -daily  minima  fall  to  or  below  the  critlctl  temper¬ 
ature  of  ~?0°F.  At  Churchill  in  January  a  man  in  this  sleeping  bag" would 
need  added  protection  from  daily  minima  about  70*  of  the  time  (22  day*  per 
month).  It  may  be  seen  from  the  table  that  5*  of  the  time  (2  days)  at 
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•i*ing  the  Janua^dail^dnt^iS  b*  cor*  true ted  enpha- 

P«ct»d  inf  Of  th«  Hr,.  ...  .  ."°rth#rn  *>*»>  Africa  that  k. 

nrd«d  stferwr^d  r.S94SJSr,ttat  “  «»Si, 

,b?“*d  ls*acd  49  ooon  A3  the  erosetad  teaM^t*1"^  this 

critical  tesverstura  10^  of  the  tif?  t  tfaparatura  ia  within  of  th« 

data  for  tha  cor,tructSn  of  «ch^0Tf.bi;  tha  ^H»«7 

ara  to  be  «tctioo®d  in  centra  Alaska  L  JanuI^J*  **  Ansjr  ^rBonn«l 

critical  -j6°Y  »ay  ba  expected.  AnJli7»  the  nap  shows  where  the 
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Ackriowlsdjrsant 


associate  £  BS^To'^for^cc^Tt^his  S’*",  pAnwla'  'orderly  an 

£  dalir  *dnlaua  temperatures  for  Ls^  tabu^tiona 

These  dsta  were  essentia  to  th*  ‘an  a?d  Cajiadian  weather  stations 
•caer  developed  in  this  study.  ration  of  the  adjusted  probability 
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